The aim of our study is to describe the characteristics of patients who use emergency medical services (EMS), EMS performance, and regional variations in Japan.
INTRODUCTION
A N EMERGENCY MEDICAL services (EMS) system is a critical component of a health-care safety net, especially in countries with substantial ageing populations such as Japan. 1 Understanding EMS demands and the characteristics of patients transported to medical institutions can help hospitals and government improve the efficiency of the services. For example, ambulance response time and time to hospital arrival are essential quality indicators for EMS systems. 2 Early definitive interventions in emergency departments (EDs) can provide better outcomes. [3] [4] [5] These time components are also fundamental and could be valuable from a patient-oriented perspective. Furthermore, knowledge of geographical variations in a homogenous health-care system could provide further insight into the efficient allocation of EMS resources. Real-world epidemiological study is fundamental to improving the current EMS system and performance in Japan.
Although peer-reviewed articles on prehospital care are increasing, there is little scientific research describing comprehensive patients' characteristics in prehospital emergency situations and EMS performance or that explores regional variations. 6, 7 The large population-based research on prehospital care in a highly ageing society is lacking. This study aimed to describe the characteristics of patients who used EMS, EMS performance, and regional variations in Japan.
METHODS
Study design and setting W E UNDERTOOK A nationwide, population-based, descriptive review of anonymized ambulance transport records in Japan. The observation period was from 1 January 1 to 31 December, 2016. The medical institutional review board of Osaka University approved this study and waived the need for informed consent because all analyses used anonymous data (approval no. 19219).
Emergency medical system in Japan
The EMS system in Japan is operated by local fire departments and is activated by a 1-1-9 call from anywhere in Japan. 8 In 2016, there were 733 fire department headquarters and 1,714 fire stations with 6,210 ambulances throughout Japan. 9 Life support is provided 24 h a day. Usually, each ambulance has a crew of three emergency providers including at least one Emergency Life-Saving Technician, a highly-trained prehospital emergency care provider. 10 The EMS personnel at the scene select hospitals for patient transport, including tertiary care hospitals, which have the capability of managing patients with life-threatening conditions. Local medical control councils consisting of emergency physicians and experts in each area in Japan have an important role in securing the quality of care provided by EMS personnel in prehospital settings and carrying out follow-up assessments of EMS procedures.
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Designated emergency hospitals are open and staffed 24 h a day by emergency physicians and are certified by prefectural governments. Tertiary care hospitals are certified by prefectural governments based on their expertise and ability to provide the highest quality of care for serious acute illnesses and severe trauma. 12 During the study period, there were 3,848 designated emergency hospitals in Japan, of which 284 were tertiary care hospitals. Table 1 summarizes regional variations in geographic characteristics in Japan.
Data sources and participants
The data used in the present study were obtained from the Fire and Disaster Management Agency of the Ministry of Internal Affairs and Communications in Japan after all personal identifiers were removed. Ambulance transport records 
Variables
Data were collected using standardized data collection forms and included age, sex, location of the event (private residence, public place, road, workspace, and others), reason for the EMS call (fire accident, natural disaster, water-related accident, motor vehicle accident, industrial accident, sportsrelated accident, falls and other injury, assault, self-inflicted injury, acute illness, and others), hospital type (tertiary care hospital or not), time of day, time course of transport, and severity as assessed by a physician in the receiving hospital's ED. Severity was stratified as follows: mild (patients whose injury or illness did not require hospitalization), moderate (patients who required hospitalization but whose condition was not severe), severe (patients with a potentially life-threatening condition), very severe (patients with cardiopulmonary arrest or just prior to cardiopulmonary arrest), dead (patients confirmed to be dead at the initial medical examination), and other (patients not diagnosed by a physician, patients with an unclear condition, or people transported to another location). These data were completed by EMS personnel and then transferred to the information center at the local fire department. If the data were incomplete, they were returned to the relevant EMS personnel for completion.
Analysis
Continuous variables are presented as the median and interquartile range and categorical variables as counts and percentages. We categorized age into eight groups: <28 days (infant), 28 days to 6 years (young children), 7-17 years (children), 18-64 years (adults), 65-74 years, 75-84 years, 85-94 years, and ≥95 years. We divided time of day of the EMS call into daytime (09:00 to 16:59, regular business hours) and night-time (17:00 to 08:59). Descriptive statistics were calculated using SPSS version 25.0J (IBM, Armonk, NY, USA). Data were also stratified by geographic region. We divided the prefectures in Japan into eight often classified regions to describe geographical variations, Hokkaido, Tohoku, Kanto, Chubu, Kansai, Chugoku, Shikoku, and Kyushu/Okinawa regions, which are commonly used for administrative purposes (Fig. 1) . 13 Regional characteristics are described in Table 1 . Kanto is the most populated region, followed by Kansai and Chubu. Hokkaido has the lowest population density among them. In addition, we stratified patient characteristics and outcomes by sex and age group (<18 years, 18-64 years, and ≥65 years).
We did not apply any statistical test because of the nature of nationwide population-based descriptive design.
RESULTS

O
VER THE STUDY period, 5,707,177 EMS dispatches were documented in Japan. Excluding 90,645 patients in the Tokyo Fire Department data who were not transported and 518,694 interhospital transports overall, 5,097,838 patients were eligible for analysis (Fig. 2) .
Patient characteristics and their regional variations are summarized in Table 2 . Patient characteristics were mostly similar across the regions. The overall median patient age was 69 years (interquartile range, 44-82 years), 51.4% of the patients were male, 56.5% were aged over 65 years, and people aged 75-84 years comprised the largest group. The most frequent location of the event was a private residence (61.8%), followed by a public place (19.1%). Acute illness was the most frequent reason for an EMS call (70.8%) followed by falls and other injury (16.6%). Approximately 20% of the patients were transported to tertiary care hospitals. More patients were transported by ambulance during the night-time than daytime. Although these trends were similar among regions, age distributions were slightly different. Median ages in the Kanto and Kansai regions were younger (67 and 68 years, respectively) than those in the other regions. The proportion of patients aged over 85 years was lower in the Kanto and Kansai regions than in the other regions. We provide patient characteristics and regional variations stratified by sex and age group in Table S1 . Patient characteristics and outcomes stratified by sex and age group were similar among regions.
The median durations from EMS call to EMS arrival on scene were similar among regions, ranging from 7 to 9 min, but the median durations from EMS call to EMS arrival to a medical facility ranged from 31 to 38 min. Transport time of patients to medical facilities was shortest in the Kyushu/Okinawa region and longest in the Kanto region; the median difference across the regions was 7 min. Table 3 shows patient severity as initially assessed by a physician in the ED of the total population and stratified by sex and age group. In the total population, the severity of most patients was classified as mild (53.4%), followed by moderate (37.3%). During the study period, 350,865 patients (6.9%) were assessed as being in a severe condition, 14,410 (0.3%) were in a very severe condition, and 74,780 (1.5%) were confirmed to be dead at the time of initial medical examination in the ED. The Kansai and Kanto regions had more patients with a mild condition compared to the other regions. More than 2% of patients in the Tohoku and Hokkaido regions were confirmed to be dead in the ED. The distributions of severity stratified by sex and age group were similar among regions.
DISCUSSION
I
N THIS NATIONWIDE population-based study of Japan in 2016, we reported on the characteristics of patients who used EMS, the performance of EMS, and regional variations. Age distributions and severity of the patients as assessed by a physician in the ED differed across regions. The median time from EMS call to EMS arrival on the scene was 8 min with a 1-min difference across the regions. However, we observed a median 7-min difference across the regions in the time from EMS call to hospital arrival. More than half of the patients who used ambulances were assessed Severity as assessed by physician in ED, Dead, patients confirmed to be dead at the time of initial medical examination; Mild, patients whose injury or illness did not require hospitalization; Moderate, patients who required hospitalization but whose condition was not severe; Other, patients who had not been diagnosed by physician, patients whose conditions were not clear, or people who were transported to another location; Severe, patients with potentially life-threatening conditions; Very severe, patients in cardiopulmonary arrest or just prior to cardiopulmonary arrest.
to be in a mild condition and less than 10% of the total population was classified as being in a severe or very severe condition. Patients using EMS services in the Kanto and Kansai regions were younger, and their severities appeared milder than those in other regions. However, median time from EMS call to hospital arrival in the Kanto region was the longest, whereas that in the Kansai region was shorter than in most other regions. Because EMS practices on the scene and during transport vary among countries, comparing the times to EMS arrival and to hospital arrival with previous international studies could be difficult.
14,15 However, we observed that the overall median time from EMS call to EMS arrival on scene was similar to that of other developed countries as a recent systematic review to determine EMS response time showed that Asia, America, and Europe had median response times ranging from 7 to 11 min. 16 A previous systematic review showed significantly shorter transport times in urban areas than rural areas, whereas the median time to hospital arrival in the most populated region in Japan, the Kanto region, was the longest. 17 Multiple potential factors could affect the time to hospital arrival, such as patient age and the distribution of medical institutions and specialized hospitals, such as stroke centers. 18 Furthermore, combining prehospital data with external data resources could be beneficial in further investigations. 19 The Osaka Emergency Information Research Intelligent Operation Network System, which collects patient characteristics, EMS information, and in-hospital outcome in Osaka, is an example of such a database linkage that can help to improve prehospital care. 20 It might be worthwhile to merge the prehospital data with public administrative databases such as the National Database of Health Insurance Claims and Specific Health Checkups of Japan and the Diagnosis Procedure Combination database, and large databases established by multicenter registries such as the Japanese Association for Acute Medicine -Out-of-hospital Cardiac Arrest registry. 19 Such linkage could be useful in assessing other important prehospital issues such as unnecessary ambulance calls, prehospital interventions, frequent callers, and the distribution of hospitals. 21, 22 The present research into ambulance transport records has several strengths. First, this study covered the entire population of Japan. Building a population-based database itself is important and useful for understanding the prehospital burden and providing better prehospital care. Second, to the best of our knowledge, this research is the largest resource for determining the public health burden of prehospital care in an ageing society. Finally, the use of uniform data collection for reporting emergency patients, the large sample size, and a population-based design were intended to keep these potential sources of biases to a minimum. Although the Fire and Disaster Management Agency provides annual reports in Japanese, this study provides fundamental information for non-Japanese readers in the field as well as regional variations to help improving prehospital care in Japan. 23 However, this study has some limitations. First, we did not obtain information on patient outcomes after hospital arrival. Therefore, the actual severity and prognosis of the patients is unclear. Second, these results might not be generalizable as this study was carried out only in Japan where the EMS system is different from other countries. Nevertheless, we have provided nationwide, comprehensive data with which to assess the EMS systems and regional variations in their performance. Revealing real-world data of the characteristics of emergency patients and EMS performance is essential to improve prehospital systems in Japan.
CONCLUSION F ROM OUR NATIONWIDE, population-based study of Japan, we assessed comprehensive data on the characteristics of emergency patients, EMS performance, and underlying regional variations. By understanding the demographic data of these patients in Japan, our findings can help inform the planning of services and improve prehospital emergency medical systems in Japan.
